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pemeHHe nepeceKaeT rHnepnjiocKOCTH pasptiBa TpancBepcajibHO h KOToptie HenpeptiBHO flHcJjcJjepeHiiHpyeMBi bhb sthx 
rHnepnjiocKOCTeii. ^aHHaa CHTyaifHa HMeeT mbcto b cncxeMax c cyxHM TpenneM b OTCyxCTBHH aajinnaHHS h ynpyrnx 
orpaHHHHTejieft. B Ka^ecTBe HjijiiocTpaL(HH flOKasBiBaeTca ycToft^HBOCTB K0Jie6aHHH CKopocxH xejia, nepeiviemaeMoro 

BH6paL(HaMH. 

0.1 BBe^eHHe 

PaCCMOTpHM CHCTeiViy 

X + h{t,x) = ef{t,x,e), (1) 



>■ ■ r;i;e h E C^(Rx R",M") h / - T-nepno/^HHecKaa no BpeivieHH nenpepbiBHO flH(J)(J)epeHii;Hpye- 

^ I Maa (J)yHKii;Ha, Tepnamaa paapbiBbi 1-ro po^a b TaKHx TOHKax {t,x,e), b KOTopbix neKOTopbie 

■ 

t:;^- ■ KOMnoHGHTbi X oSpamaiOTCfl b Hyjib (cm. ycjiOBHe (Al) HH>Ke). B npe^nojioJKeHHH, hto no- 

O I poiK^aioinaa cncTeivia 

x + h{t,x) = (2) 
flonycKaeT tojibko T-nepno^HHecKHe pemenHa, nacToamaa CTaiba Hsy^aeT cymecTBOBanHe, 

^ I e^HHCTBeHHOCTb H yCTOHHHBOCTb T-nepHOflHHeCKHX pemeHHii CHCTeMbI dl]). HSBeCTHOH T- 

nepHO^H^ecKoii saivieHOH nepeMennbix (cm. aaMcny [7] HH>Ke) cncTCMa ([T]) npHBO^HTca k CTan- 
flapTHOH (J)opMe npHHii,Hna ycpe^neHHa. CooTBCTCTBeHHO, b cjiynae, Kor^a / G C^(M x M" x 
[0, 1],]R"), nocTaBJicHHaa aa^^ana nojinocTbio pemena H.H. BorojiioSoBbiM b ero BTopofi tco- 
pcMC (cm. p], H.l, §5, TeopcMa H). 

HpHHn,Hn ycpeflHCHHa ^jia Haxo>KfleHHa nepno^HHecKHx K0Jie6aHHH b paapbiBHbix cncTCMax 
;i;o CHX nop npnMenajica jih5o Sea oSocnoBanna (cm. [3]), jih5o 5e3 oSocnoBanna ycTonnnBO- 
CTH (cm. [^), jih5o na ocnoBannH nerjia^Koro anajiora nepBon TCopcMbi H.H. BorojiioSoBa 
(cm. [T], [5], [8j). TaKoii anajior BnepBbie npefljiojKen B.A. Hjiothhrobbim |T0] h nosBOJiacT 
ySeflHTbca, hto ;i;HHaMHKa chctcmm ([T]) SjinsKa k T-nepnoflHHecKon na BpeMennoM nnTepBajie 
nopa;],Ka [0, h ne rapanTnpyeT, ^to flnnaMHRa cncTCMbi ^encTBHTejibHO T-nepno^HHecKaa 
H, TCM 6ojiee, ycTOHHHBaa na bccm [0, +cxd). PeayjibTaT nacToani;nH CTaTbn nnepBbie rapan- 
TnpyeT nocjie;i;nee cbohctbo. B KanecTBC njiJiiocTpaTnBnoro npnMcpa b paSoTC ^OKasbiBaeTca 



T-nepHOflHHHOCTb h ycTOHHHBOCTb K0Jie6aHHH CKopocTH Tejia, nepeMeinaeMoro no^ ;i;eHCTBH- 
eM nepHo;i;HHecKHx BH6paii;HH, hto 6biJio panee ycTanoBJieHO A. Oh^^jihhmm [5] na HHTepBajie 
[0,1/^]. 

ripefljiaraeMbiH peayjibTaT nojiyneH npaMbiM MeTo;i;oM CKJieliKH onepaTopa c;i;BHra no Tpa- 
eKTopnaM CHCTeivibi ([T]) h3 ero 4)parMeHT0B na rjia^KHX o6jiacTax. Hcnojibsya pemenHa Bcno- 
MoraTejibHbix aa^an KoniH c BeKTopnbiM BpeMeneM (cm. jigmmv IO^ . ^OKaaano, ^to onepaTop 
HyaHKape CHCTeivibi ([T]) flH(J)(J)epeHii;HpyeM no (|)a30B0H nepeMennon n napaMeTpy e > 0. ^ajiee, 
Hcnojibsyfl cxo^HMOCTb npaBofi ^acTH npn yMenbinenHH £ > no Mepe (cm. cjiejCTBne 10. 2^ . 
ycTanoBjieno paBcncTBO Kjiaccn^ecKoii (J)yHKn,HH ycpe^Henna n nponaBO^noH onepaTopa Hy- 
aHKape no e B £ = 0. 3to nosBOJinjio CBaaaTb CBoncTBa co5cTBeHHbix anaHennH nyjien (i)yHKn;HH 
ycpeflnenna c TaKHMH CBoiicTBaMH onepaTopa HyanKape, KOTopbie ^ocTaTO^nbi ^jia anajinaa 

yCTOHHHBOCTH CrO HCnO^^BHiKHblX TOHCK MCTOflaMH TCOpHH flHHaMHHeCKHX CHCTCM. 

0.2 OcHOBHoii pesyjibTaT 

Ha npoTajKcnnn CTaTbn abJiacTca j'-n KOMnonenTon BCKTopa ^ G M", x(-,^,0) oGoananaeT 
peinenne nopo^K^aiomen chctcmm ([2]) c nanajiBHbiM ycjiOBHCM x(0) = ^ -Br(C) ^ 3to map b 
M" paflnyca r > c n;eHTpoM b tohkc ( G M". PeayjibTaT CTaTbn npHMcnnM k paapbiBHbiM 
CHCTCMaM, yflOBJieTBopaioni;HM cjie;i;yioni;HM anajiornnnbiM npe;i;nojio>KeHHaM A. On^^Jinna [5] 

yCJIOBHSM. 

(Al) HojioJKHM = G M" : sign(^^) = s^,j G T~n} , s G {-1, 1}" 

{-1,1} X . . . X {-1,1}. CyniecTBycT 2" (i)yHK^HH /, G C\R x M" x [0,1], M"), 

" V ' 

n niTyK 

S G { — 1, 1}" TaKHX, HTO 

fit,^,e) = Ut,^,e), (t,e,£)GMxR:x [0,1], sG{-l,l}^ 

Cjie^yiontHe ^Ba ycjiOBna npefl^bflBjiaiOTCfl k TaKOMy x(-, ^o, 0), KOTopoe, OJKHflaeTca, Sy^CT 
nopojK^aiomHM, HO nacTO ohh BbinojiHenbi hjih hct cpaay ^Jia Bcex pemennn cncTCMbi (|21) . 

(A3) Mhojkcctbo tohck S C M"\Usg{_i,i}nM", b KOTopbix (|)yHKn,Ha ^ t— s> f{t,C,,B) ne aBjiacTca 
nenpepbiBHO flH(J)(J)epeHn;HpyeMOH, ne saBncHT ot t n e, n ji^jisi jiio6bix j G 1, n n t G 
M cymecTBycT p G l,n TaKoe, hto 4)yHKn,Ha ^ hh^ f^(t,C,^, ...,^p~^,0 ■ £:) 
nenpepbiBHO flH4)4)epeHn,HpyeMa b tohkc x{t,^o,0). 

(A2) HpeflHOJiojKHM, HTO MHOJKecTBO {t G [0, T] : x{t,^o,0)} G S Konenno n sanyMepycM ero 
3JieMeHTbi KaK < ti < ... < < ^- HycTb ti > n ^jia jiioSbix j G l,nHi G l,m 
TaKHX, HTO x^(ti,^o,0) = H {^ G M" : = 0} C 5, hmccm (x^);(ti, ^q, 0) 7^ 0. 



HocKOJibKy CHCTeMa ([T]) MOJKeT BOo6iii;e ne HMCTb ;i;H4)(|)epeHii;HpyeMoro na bcgm BpeMeHHOM 
npoMejKyTKe pemeHna, naivi cjieflyeT npHHSTb necKOJibKO Sojiee oSmee onpe;i;ejieHHe. 

Onpe^ejieHHe 1. PemenueM cucmeMU ^) nasueaemcM HenpepuenaM (pyHKXj,UH x, du(p- 
cfiepeHv^upyeMaM ecwdy, aa ucKAwneHueM, 6um'b MOCHcem, MHOofcecmea {t : x{t) G S} u ydo- 
BAemeopHiomafi ecwdy, npoMe, dumt Moofcem, amozo MHOCHcecmea, cucmeMe (Qp. 

^aHHoe onpe^ejieHHe nosBOJiaeT ne orpanHHHBaa oSmnocTH c^HTaib, ^to (|)yHKn,Ha / orpa- 
HHHeHa na KajKflOM orpannHeHHOM MHOJKecTBe. 

JleMMa 0.1 Tlycmh h G C^{M. x ]R",M") u f ydoejiemeopHem ycAoeum (Al). Uycmb G 
manoeo, umo eunojiHCHU ycAoeuM (A2)-(A3). Tosda cymecmeyem 6 > maKoe, nmo npu 
ecex e G [0,5], v G -85(^0) cucmeMa (CP UMeem eduHcmeeuHoe pemeuue t \—>- x{t,^,e) c 
HauaAbHUM ycAoeucM x{0,^,e) = ^. 9mo pemeuue npodoAOfcuMO ua [0, T] u uenpepueuo 
du4>4>epeuu,upyeMO no G -85(^0) x [0,5)- KpoMC moso, 

m 

{t:x^{t,C,e) = 0}c[j{T^{^,e)}, j ei;^, 

i=l 

sde T/ G C\Bs{Co) x ^^(O), M") u T^^{Co, 0) = U npu ecex i G uje 

^jia flOKaaaTejibCTBa jieiviMbi 10.11 naivi noHa;i;o6HTca cjie;i;yioiii;ee BcnoMoraTejibHoe yTBep- 

iK^ieHHe, B KOTOpOM liRn - 3T0 n-MepHblH BCKTOp, COCTOaiUHH H3 eflHHHIi;, H flJia npOH3BOJIbHbIX 

5f : M" ^ M", t G M, ^ G M" sanHCb g{tl]^n + ^ ) oSoana^aeT cjie^yiomee 

V g'^it + C) j 

JleMMa 0.2 nycmb F G x M" x [0, 1], M"). Tozda Bah aw6ux U e R u e W cyw,e- 

cmeyem 7 > maKoe, nmo npu ak>6ux A G -87(0), ^ G B-y{C^^), e G [0,7), aadana 

x = F{t,x,e), (3) 
x(t + A) = (4) 

UMeem eduucmeeuHoe pemeuue t ^— x(t,t*l]Rn + A,^,e), onpedeAeuuoe ua R. BoAce moso, 
(pyuKUfUH X uenpepueuo du^xfiepeuu^upyeMa M x B^^it^l^n) x B^{E,*) x [0,7). 

/^OKasaTejibCTBO. 06o3Ha^HM ^epea pemenHe CHCTeMbi ^ c na^ajibHbiM 

yCJIOBHeM = C,. PaCCMOTpHM 4)yHKn,HIO 

HenpepbiBHO flH(|)(|)epeHn,HpyeMyio na M" x M" x M" x [0,1]. HivieeM $(0, 0) = h 

det||$^(0, 0)11 = det||/|| 7^ 0. HosTOMy, h3 Teopeivibi o neaBHOH 4)yHKii;HH cjie;i;yeT cy- 
mecTBOBaHHe 7 > h (J)yHKn,HH (A, 1^,5) (^(A,^,£), nenpepbiBHO flH4)4)epeHn,HpyeMOH na 



By{0) X X [0,7) H y;i;oBJieTBopaioiii;eH ycjiOBHio 

$(A,C(A,e,£),e,^) = 0, ||A|| <7, <7, ^ e [0,7). 

HcKOMaa ^yHKujm x ^aeTca (|)opMyjiOH 

x{t, tJK" + A, ^, e) = x{t, C(A, ^, e),e), 

H cnpaBe;],JiHBOCTb cooTHomenHH ((4l) npoBepaeTCfl Henocpe^CTBeHHO. □ 
/^OKasaTejibCTBO jieMMbi 10. IL /JoKaaaTejibCTBO npoBO^HTca b ^Ba 3Tana. Ha nepBOM 
3Tane CTpoaTca (|)parMeHTbi pemenHa CHCTeivibi ([T]), npoxo;i;aiii;ero b OKpecTHOCTH pemenHa 
x{-,^o,0) H KOMnoneHTbi KOToporo onpe^ejieHbi na no^xoflflmHx OKpecTHOCTHx HHTepBajiOB 
(tj_i,tj). Ha BTopoM 3Tane hckomog pemenHe CKjieHBaeTca h3 nojiynenHbix (|)parMeHTOB. 
I 3Tan. 05o3HaHHM to = 0, tm+i = T, 3a(|)HKCHpyeM npoHSBOJibHoe i G l,m + 1, nojiojKHM 

(t^,,^*) = X(tj_i, ^0; 0)) H npHMeHHM JICMMy [0T2l K CHCTeMe 

X + h{t,x) = efs{t,x,e), (5) 
r;i;e = lim sign (x-'(t, 0)), j G HycTb 7 > - to hhcjio, a Xi{t,ti^il^n + A, ^,5) 

t— — 1+0 

- Ta 4)yHKn,Ha, o KOTopbix roBopHTca b jigmmg [0T2l OSoananHM nepea i/i,...,z/fc^ HOMepa kom- 
noHGHT nopojK^iaioinero pemenHa x{-,^o,0), oSpamaiomHeca b nyjib npn t = ti. Ha ycjiOBna 
(A3) cjiejijeT, hto 

(x^);(ti,ti_iii8n,e„o) = (x^');(ti,eo,o) ^ 0, j G {z/i,...,z/fcj. 

HoBTOMy, Teopeivia o neaBHofl (J)yHKii;HH nosBOJiaeT yTBepjK;i;aTb, hto cymecTByeT < 5j < 7 
H ki (J)yHKn,HH : M" x M" x [0, 1] ^ M, j G {z^i, z/^-}, yflOBjieTBopaiomHx ycjiOBHSM (cm. 
pHC. 1): 

a) 4 G Ci(55(t,_ilK.) X BsiQ X [0,5),R'^), 
6) tKO,e*,0) =ti, 

B)^l(tKA,e,^),ti-ilM"+A,e,£) = 0, ||A|| < e e 55,(e*), £ G [0,(5i). 




Phc. 1. HjiJifOCTpaLiHH B03Mo:»<:Horo noBe^eHna penieHHa J, npHBO^amero k pasBGTBJieHHfO MOMGHTa BpeMenn ti na ^bg <^yHKu,mm 
H t^, TO ecTB K CHTyaD;HH, Kor^a pasHbie KOMnoneHTBi ^ 1— > f^^ (t, ^, e) h ^ 1— /-^^ (^^^ hmgiot paspBiBBi b o^hoh h toh tkq tohkg 
x{ti^ ^0,0). TaKOH cjiynaft ^onycKaeTca ycjiOBHHMH (A2)-(A3) h peajinsyeTca b CHCTGMax c TpenneM c hgckojibkhmh CTenenaMH 

CBOGO^M (cm. [3]). 



B CHJiy e;i;HHCTBeHHOCTH HeaBHOH 4)yHKii;HH, Si > MoaceT Smtb yMeHbineno eme h tek, 
HTO x^(t,ti_ilKn + A,^,e)^0 npH Bcex t e {U^i + t^(A, ^, £:)), j G {z/i, z/^J, ||A|| < 5j, 
11^ — ^*11 < < £ < /Jjia ocTaBniHxca KOMnoneHT onpe^ejiHM KaK 

tKA,e,£):=t^, A,eeM", £G[0,1], jGM\{z/i,...,i/fcJ (6) 

H yMGHbinHM 5j > 0, ecjiH Heo6xoflHMO, TaK, HTO x-'(t, tj^iliRi + A,^,£:) 7^ npH Bcex t G 
(t,_i + A^t|(A,e,£)], J GT;^\{z/i,...,z/fcJ, II All <5„ lie -e* II <5i, 0<£<5,. 

II 3Tan. ^BHraacb ot z = m + 1 flo i = 2, yMenbinHM > OflHO 3a flpyrnivi TaK, htoSm 

pi_i(ti_i(A,e,e),ti_2liRn + A,e,e) - a;(ti_i,eo,0)|| < 5^, 
||ti_i(A,e,e) - ti_i|| < 

npH Bcex||A|| < - x(ti_2, ^o, 0)|| < (5i_i,0 < £ < ^j^i. 

B noMomb HHTaTejiK) mm noflpo5HO BbinHCbiBaeM nepBbie HTepan,HH nocTpoeHHH (|)yHKn,HH x, 

HO MejIKHM nipH4)T0M. HxaK, fljia Kaacfloro j G T~n, ||C - Co II < <5l h < e < (5i nojioacHM 

x\t,S„e) := x{(t,0,i,£), 
npH Bcex t e [0, 4(0, C,e)], 

xJ(t,C,e) := x^(t,ti(0,5,e),a;(Ti{0,5,e),C,e),e), 

npH Bcex i e [t^ (0, e), t^{ti (0, e) - ti, a'(ii{0, e), e), e)]. 

flajiee, Hcnojibsya o5o3HaieHHe 
nocTpoeHHe npoflOjijKaeTca KaK 

x^{t, e) := mt, TaCC, £), x(r2(?, e), e), e), 

npH Bcex t e [T^(^,e),tl{T^{^,e) - t2,x{T2{^,e),^,£),e)]. 

OSmaa HTepan,HOHHaa (J)opMyjia ^Jia onpe^ejienHa x{t,^,e) npn npoHSBOJibHbix t G [0,T], 
IK ~ ^oll < 5i, < £ < 5i H i = 1, m + 1 BbinHCbiBaeTCH KaK 

x^{t,^,e) := xl{t,Ti_i{^,e),x{Ti_i{^,e),^,e),e), 
npH BcextG [T^i(e, (e,^)], 

r^e T,(e,£) = t.(T,_i(e,£) -t.-i,x(T,_i(e,£),e,^)), = ti(o,e,£), To(e,£) = o. npn 

3T0M H3 ([6]) HMeeM T;^+i = T fljia jiio6oro j G 1,?t,. TaK KaK G C^(R x Bs-^(ti_il^n) x 
(x(ti_i, ^0, 0)) X [0, M") H G C\Bs, (0) x (a:(ti_i, ^o, 0)) x [0, M"), to ■), T, G 

Ci(55,(x(ti_i,eo,0)) X [0,5i),M") npH Bcex i G t G [0,T]. 

^jia saBepmeHHa flOKaaaTejibCTBa naivi ocTaeTca oSocHOBaTb eflHHCTBeHHOCTb nocTpoenHoro 

pemeHHa. /Jjia SToro ^ocTaTOHHO noKaaaTb, hto npH jiio6om i G l,m h ^ocTaTO^HO MajiOM 

7 > nacTb x((t*,t* + 7)) pemeHHa x CHCTeivibi ^ c nanajibBbiM ycjiOBneivi x{t^) = ^, r^e 

1^* — ti\ < 7, ll'C — ^oll < 7 H ^,x{ti,^o,0) G S, JiejKHT B TOM >Ke MHOJKeCTBe M", HTO H 

x{{ti,ti +7),.^*,0) (KaK 3T0 HMeeT MecTO ^Jia nocTpoenHoro pemeHHa t 1— > x{t,^,e)). B CHjiy 
HpHHaToro OHpe;i;ejieHHa pemenna CHCTeMbi ([T]) MOJKeM CHHTaTb, hto pemenne x nenpepbiBHO 
;i;H4)4)epeHH;HpyeMO na (t*, ^^, + 7). Ho Tor;i;a, CHHTaa 5 > flocTaTOHHO MajibiM, HOJiynaeM, mto 
ana^enna x'{t), t G (t*,t* + 7) h x[{t,C,*,0), t G {ti,ti + 7) CKOJib yro;i,HO 6jih3kh. Tpe6yeMoe 



yTBepjK;i;eHHe Tenepb jierKO cjie;i;yeT h3 TpaHCBepcajibHOCTH t i— > x(t,^o,0) no OTHomeHHio k 
S B TOHKe ti, BbiTeKaiomeii h3 {A3). □ 
JleMMa 10.11 no3BOJifleT bbgcth npH Majibix e > m ^ E M"^ 6jih3khx k cjie^yiomyio 
4)yHKii;Hio 

u{t,^,e) = x-\t,x{t,^,e),0), (7) 

r;i,e x^^(t, -,0) - oSpaTHbiii k x(t,-,0) onepaTop (to ecTb ^, 0), 0) = 

x~^{t,x{t,^,0),0) = cymecTByioinHH b CHJiy rjiaflKOCTH nopojK;i;aioiii;eH CHCTeivibi ([2]). 3a- 
Mena (JT]) npHBo;i;HT ([T]) k CTaHflapTHofi 4)opMe npHHii;Hna ycpe^HeHHa 

ii = u, 0))-'f{t, x{t, u, 0),e). (8) 

PemeHHa CHCTeivibi ([8]) Sy^eivi noHHiviaTb b CMbicjie onpe;i;ejieHHa 1. B nacTHOCTH (|)yHKii;H5i 
t u{t,^,e) HBjifleTCfl pemeHHeM CHCTeMbi (JH]) h, b cnjiy jigmmbi [QTTI nenpepbiBHO flH(J)(J)e- 
peHn,HpyeMO no {^,s) flOCTaTonno 6jin3KHM k (^O)O). HaM nona^oSnTca pa^ cbohctb npanoii 
nacTH CHCTeMbi ([8]) , KOTopbie mm cennac BbiBe;i;eM h3 jicmmbi lO.li 

CjieflCTBHe 0.1 5 ycAoeuMX acmmu lOJ\ 4>y'HK'u,UH 

t^{x'^{t,^,0))-'f{t,x{t,^,0),0) 
cyMMupyeMa na [0,T] npu ecex — C,o\\ < 6. 

^OKasaTejibCTBO. yTBepjK;i;enne cjie^yeT na cyMMnpycMOCTn 4)ynKn;nn t t— > f{t, x{t, ^, 0), 0), 
KOTopaa, B CHjiy jiCMMbi 10.11 nenpepbinna na [0, T] ncio^y, KpoMC, 6biTb MO>KeT, ToncK 

^annoe cjieflCTBne nosBOJiacT bbccth b paccMOTpenne KJiaccnnecKyio (J)yHKn;Hio ycpeflne- 
nna ^ 

7(0=/ (x:(r,e,0))-V(r,x(r,e,0),0)rfr, 11^-^011 <<^. 

Cjie^CTBHe 0.2 B ycAoeuMX acmmu IUJI npu ecex ^ G -85(^0) u a > cnpaeedAueo coomno- 
menue 

limmes{tG [0,r] : ^(t, e, e), 0), e) - /(t, 0), 0)|| > a} = 0. 



/l^OKasaTejibCTBO. 3a4)HKCHpyeM j G 1, ra, a > 0, ,^ G -85(^0) n 7 > 0. Bbi6epeM Eq > Q 
nacTOJibKO MajibiM, hto 



||T/(e,£)-7;^(e,0)|| <7, ^ e [0,£o], zG l,m. 
OSoananaa Tj(^, e) = n T;^_,_]^(^, e) = T, npn jiioSom i G 1, m + 1 hmccm 
fit, x{t, u{t, e, e),0),6)^ fit, x{t, 0), 0) npn £ ^ 



paBHOMepHO Ha [T/_^(^,0) + 7,T/(^,0) — 7], b nacTHOCTH mbi MOJKeM yMenbinHTb eo > 

HaCTOJIbKO, HTO 

x{t, u{t, e),0),e)- fit, x{t, e, 0), 0) || < a, 
npH Bcex [T-_^{^,0) + 7,T/(,^,0) -7], ^ G Bs{^o), e E [0, eq], i e l,m + 1. TaKHM oSpaaoM, 

mes{tG [0,T] : \\f{t,x{t,u{t,^,e),0),e)-f{t,x{t,C,0),0)\\>a} < 
< (m + 1) ■ 27, npn Bcex ^ G Bs{^o), e G [0,£:o]- 

ITocKOJibKy 7 > Sbijio BbiSpano npoHSBOJibHO, cjie^CTBHe flOKaaano. □ 

Cjie^CTBHe 0.3 B ycAoeuMX aemmu WII UMeeM /(^) = ^^(T, ^,0), e uacmHocmu cfyuKv^uji f 
Henpepueno du(p(f)epeHV,upijeMa na Bs{vq). 

/^OKasaTejibCTBO. HivieeM 

uiT,^,e) = ^ + e [ ix'^{T,uiT,^,e),0))-'fiT,xiT,uiT,^,e),0),e)dT, 
Jo 

nosTOMy, 

«,(T,e,0) = hm = 

= lim / {x'^iT,u{T,^,e),0)y^f{T,x{T,u{T,^,6),0),e)dT. 

B CHJiy nenpepbiBHOCTH 4)yHKn,HH u h orpaHH^enHOCTH (|)yHKn,HH /, no^biHTerpajibHoe Bbipa- 
iKenne paBHOMepno orpaHnneHO no r G [0,T], ^ G -8,5(^0) h e G [0,5). SnanHT, cjie^CTBHe 10.21 
no3BOJiaeT npHMGHHTb TeopeMy Jle6era o npe^ejibHOM nepexo^e no^ anaKOM HHTerpajia h 

npHHTH K SaKJIIOHeHHIO 

lim [ {xUr,u{T,^,e),0))-'fiT,xiT,u{T,^,e),0),e)dT = m, 
Jo 

saBepmaiomeMy ^OKaaaTejibCTBO. □ 

TeopeMa 0.1 Uycmh h G C^(]R x ]R",M") u naofcdoe pemenue nopootcdatow^eu cucmcMU ^ 
T-nepuoduHHO. Uycmb f - T -nepuoduuecKan no epeMenu Henpepueno du^^epenv^upyeMaM 
(f)yHK'u,UH, mepnMVj,aM paapueu l-so poda na S, monnee, nycmt, eunojineno ycAoeue (Al). 
3adaduMCJi ^0 ^ '^^j ydoeAemeopHioui^uM (A2), mo ecnib manuM, umo npu KacHcdoM t G 
[0,T] u j G l,n peiuenue t ^— x{t,^Q,0) nopocHcdawwfiu cucmeMU ^ nepeceKaem ne 6o./iee 
odnou sunepnAOCKOcmu paapuea (fiynKnuu u manue nepecenenuM npoucxodnm moAhKO npu 
t G (0,T). Uycmb, HaKOHe% pemenue x(-,^0;0) nepecenaem S mpanceepcaAbno, mo ecmb 
eunoAueno ycAoeue (A3). Tosda UMemm Mecmo CAedywui^ue ymeepMcdenun: 

1) EcAU /(^o) = n det||/ (Co) II 7^ 0, mo cymecmeywm 6 > u Eq > manue, umo npu e G 
(0, £0) cucmeMG ^ UMeem eduHcmeennoe T -nepuodunecKoe pemenue c nanaAbnuM 
ycAoeuBM Me(0) G Bs{^o). 



2) EcAU e ycAoeuHX nyuKma 1) ece co6cmeeHHue snaueHusi Mampwuu f (^o) UMewm ompu- 
HameAbHue eevnecmeeHHue nacmu, mo pemenuM {us}se{o,eo) acuMnmomunecKU ycmou- 
Hueu. 

3) EcAU 6 ycAoeufix nyuKma 1) xomn 6u odno co6cmeeHHoe snaueHue Mampuv,u / (^o) 
UMeem noAOMCumeAhHyw eemecmeeHHyn) Hacnib, mo pemenun {u£}£g(o,eo) ueycmouHueu. 

/^OKaSaTejIbCTBO. HojIOiKHM 

7.(0= / {x'^iT,u{T,^,e),0))-'fiT,x{T,uiT,^,e),0),e)dT, 







Tor^a 



no3TOMy, 



u(T, e, ^) = e + ef.iO = 4(T, 0) + sf.iO. (9) 
' ^^^^ = 



B CHJiy jieMMbi [0?l] HMeeivi u'^'^{T,C,,0) npn e — > paBHOMepno no 

^ G Bs{^o). Cjie;i;oBaTejibHO, yHHTbiBaa saKJiiOHeHHe cjie^CTBHfl 10.31 

(L)'(O - (7)'(0 npK 5 ^ 

paBHOMepno no ^ G ^^(^o)- 

1) HanneM c ;i;oKa3aTejibCTBa yTBepiKflenna 1). ^pyrnMn cjiOBaMH, TpeSyeTca noKaaaTb, 
HTO cymecTByeT Eq > m 6 > TaKne, hto npn e G {0,eo) (i)yHKn;H5i ^ t—>- u{T,^,e) — ^ nivieeT 
e^nncTBennbiH nyjib b Bs{^o). B cnjiy 4)opMyjibi ([9]) ^ocTaTonno ycTanonnTb ^annoe yinep- 
iKflenne fljia 4)yHKn;HH /^(O- Ho b cnjiy ycjiOBna 2) TeopeMbi sto yTBepjKflenne neMeflJienno 
cjie;i;yeT h3 TeopeMbi o neaBHon (|)yHKn;HH. 

2) Hepen^eM k nonpocy o6 ycTonnnBOCTn nan^ennbix pemennii. JJ^jih btofo naynnM co6- 
CTBennbie anaHenna MaTpHn;bi u'^{T,^^,e). HMeeM 

4(r,e.,£) = / + 5(7j'(e.). 

Hpe^nojioiKHM, hto Bein;ecTBeHHbie nacTn Bcex coScTBennbix anaHennH MaTpHn;bi (/)'(^o) ot- 
pHn,aTejibnbi. HycTb Aq - KaKoe-nnSyflB coScTsennoe ananenne MaTpnn,bi (/)'(^o) h Ag - KaKoe- 
nnSyflb coGcTBennoe anaHenne MaTpHn;bi cxo;i;ain;eeca npn e — > k Aq. Tor^a 1 + eX^ 

Sy^eT flBjiaTbCfl coScTBennbiM ananenneM MaTpHn,bi I + e{f^y{^s)- Ho Ag = Ao + 5e, r^e 5^ — > 
npn £ ^ 0, ana^HT 1 + eX^ = 1 + ^Aq + e^e- Tax KaK Re(Ao) < 0, to cyntecTByeT > TaKoe, 
HTO Re(l + eXe) < npn e G (0,£:o]- TaKHM o6paaoM, npn e G (0,£:o] coScTBennbie anaHenna 
MaTpHn,bi u^(T, jieacaT b e^nnnnnoM mape. 3a(J)HKCHpyeM e G [0,eo] n oSoanannM nepea 
II ■ II TaKyio nopMy b M."', hto 

sup ||m^(T,^£,£:)C||o < g < 1 
IICIIo<i 



(cm. [6], c. 90, jiGMMa 2.2). Tor;i;a naii^^eTca 6 > TaKoe, hto 

sup ||Mi(T,^,£)C||o < g < 1 flJia Bcex ^ e 

llCllo<l 

Cjie/IOBaTejibHO, 5yfleM nivieTb 

\\u{T,^,,e)-u{T,^2,e)\\o < -6l|o, 6,6 e 5^(6), 
HTO osHanaeT (cm. [7], jiCMMa 9.2) acHMnTOTHnecKyio jctoh^hboctb nepHO^H^ecKoro pemenHa 

3) HycTb Tenepb MaTpHii;a (/)'(6) flonycKacT coScTBCHHoe snaHeHHe c nojioacHTejibHofl 
BemecTBCHHOH ^acTBK). PaccyjK^aa anajiorH^HO npe^Bi^ymeMy nynKTy, npnxo^HM k cyme- 
CTBOBaHHK) TaKOFO Eq > 0, HTO npH E G (0, £9] MaTpHii;a M^(T, ^£,£:) ;i;onycKaeT coScTBCHHoe 
3Ha^eHHe c 5/'ojibmeH eflHHHn,bi BemecTBeHHoii ^acTbio. 3a(J)HKCHpyeM e G (0,£:o]- Ha oc- 
HOBaHHH TeopcMBi FpoGMaHa-XapTMaHa (cm., nanp., [9], TcopcMa 4.1) cymecTBycT A > h 
jiOKajibHbiii roMeoMop(|)H3M g : Bai^e) — > TaKoii, hto 

u{T,^,E) = g'\u'^iT,^,,E)giO), ^ e B^{Q, (10) 

COOTBCTCTBeHHO flJIH p-H CTenCHH OnCpaTOpa ^ I— >^ m(T, ■,£) HMCCM 

w^(T,e,£) = g-\{u'^{T,^,,E)rg{0), ^ G 5.(6)- 

ITyCTb / G M" - CoScTBeHHblH BCKTOP MaTpHn,bI M^(T, ^g,^), COOTBCTCTByiOmHH co5cTBeH- 

HOMy SHa^eHHK) A^ h TaKoii, hto (7~^(m^(T, ^e, e)/) onpe^ejieno. Ha ( |TOl ) hmccm g{^e) = 
u'^{T,^i;,E)g{^i;), TO ecTb (7(6) = h, snaHHT, g^^{l) 7^ 6- HosTOMy, ;i;oKa3aTejib- 
CTBa HeycToii^HBOCTH ^ocTaxo^HO npeflT>HBHTb TaKyio cxo^amyioca k nocjieflOBaTejiBHOCTb 

{CpjpGN, ™ 

uP{TXr>,e) = g-\l), PGN. 
TpeSycMOH nocjieflOBaTejibnocTbio flBjiaeTca, nanpHMcp, 

T^eiicTBHTejibHO, xaK KaK = 5f~^(0), to — ^ 6 npn p — > cx), h, ;],ajiee, 
u%TXv,e) = g-'({u'^{T,^,,E)rg(g-'(y^l 



9-' (k(2^,6,^))^^/) =9-' (a^^/) =^7-^ 



(/). 



TeopcMa flOKaaana nojinocTbio. □ 
TaK KaK saMCHa dTj) T-nepHO^HHHa, to b ycjiOBnax TCopeMbi 10.11 (J)yHKii;H5i x^it) = 
a;(t, Me(t), 0) flBjiflCTCfl T-nepHOflHHCCKHM pemeHHCM chctcmm ([T]) h pemeHne ycTomHBO 
HJiH neycTOHHHBO BMCCTC c Mg. ^Jia y;i;o6cTBa ccmjiok c(|)opMyjiHpyeM bto yTBep>K;i;eHHe b 
BHfle TeopcMbi. 



TeopeMa 0.2 Uycmb eunoAHenu ycAoeuH meopeMU \ 0.1[ Tozda ymeepotcdeHUH 1), 2) u 3) 
3mou meopeMU UMetom Mecmo u d./iJi cucmeMU 

0.3 KojieSaHHa CKopocTH xejia, nepeMemaeMoro nepHO^HHecKHMH 
BH6pai];HaMH 

B SToii ceKii;HH Teopeivia 10.21 HJiJiiocTpHpyeTca na npniviepe ^OKaaaTejibCTBa nepHO^HHHOCTH h 
ycTOHHHBOCTH KOJieSaHHH CKopocTH TGJia B MexaHH^ecKOH Mo^ejiH H3 pHcyHKa 2. YpaBHeHHe 

COS t I 

> z 

Phc. 2. MexaHHHecKaH CHCTeMa, b KOTopoft cnjia cyxoro TpeHHH hmcgt SHaneHne — ea < npn ^BH:aceHHH Tejia BnpaBO h SHaneHHe 
eb > npn ^BH>KeHHH Tejia bjigbo, r^e a ^ b. ^BH:aceHHe nponcxo^HT 3a chgt ropnsoHTajiBHOH BH6pai];HH c aMnjiHTy^oft cos t. 

flBHJKeHHH TGJia sanHCbiBaGTca (cm. [5j) b bh^g 

z = cost-aeE{z) + beE{-z), r^e = (sign(i) + l)/2. (11) 

SaMena x = z npHBo;i;HT cncTeMy ffTTI) k CHCTeMe BH;i;a ([T]) 

X = cost — aeE{x) + heE{—x). (12) 

SnaHHT, S = {0}, x(t,^0;0) = — .^osint h ycjiOBHa TeopeMbi 10.21 BbinojiHeHbi ^jih jiio6oro 
^0 ^ IR\{0}. OyHKiiHa / HMeeT bh^i; (cm. [5]) 

7(^) = -4(a + b) arcsin(0 + 27r(a - b), 

OTKy^ia ^0 = sin (fr^vr) h (/)'(^o) = ^2-] — fj'J'^ x, < 0. Cjie;i;oBaTejibHO, npn a > b {a < b) tcjio 
;i;BH>KeTC5i BnpaBO (bjicbo) c vr-nepnoflnHecKH H3Menaioni;eHC5i acnMnTOTnnecKn ycTonnnBon 

CKOpOCTbK). 

PaSoTa nofl;],ep>KaHa rpanTOM BF6M10 PocnayKH h CRDF (nporpaMMa BRHE) h rpan- 
TOM MK-1620. 2008.1 npeanflenTa PO MOJio;i;biM Kan;i;n;i;aTaM nayK. Hccjieflonanna nponefle- 
Hbi B xo^e CTa>KHpoBKH aBTopa B HncTHTyTC ripoSjiCM YnpaBjiCHHa PAH no^ pyKOBO^CTBOM 
npocj). B.H. Txafl n 4)HHaHCHpyeM0H rpanTOM POOH 08-01-90704-mo6_ct. 
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